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In the study of animal behaviour certain individualistic aspects such as maternal behaviour, dominance and aggression must be studied at close hand. However, the organization, dispersion and movement patterns of grazing animals are difficult to study at close hand. They are also dynamic in nature. These aspects of behaviour are particularly 'important to range management in arid areas. Arnold and Baas Becking (unpublished) h a v e u s e d cinephotography to study the causes of dispersion and movement patterns. The camera on the ground, however, can only record a limited area and cannot quantify distances between individuals or between groups.
There are two problems involved, firstly to obtain a vantage point from which the organization, dispersion and movement can be seen and secondly, to record the relevant data. This second point is extremely difficult because what is relevant is often unknown until some analyses have been done. Attwood and Hunter (1957) used a telescope to plot positions of sheep on a hill face. This has obvious limitations. The obvious vantage point is an aircraft and the tool a camera to take vertical photographs.
Measurements can be made on the photographs. The advent of computers overcomes the major problem of handling and storage of large quantities of data from which relevant information can be extracted.
Most of the aerial survey work reported in the literature, e.g. Grzymek and Grzymek (1960) ) Newsome (1965) is similar in many ways to Mt. Murchison (123,000 acres, 10 in. rainfall) on flat country. The main associations at both are Kochia pyramidataKochia sedifolia (Beadle, 1948 All the photography was done with a Hasselblad 500C camera. The lens was a Zeiss Planar with a focal length of 80 MM (3.14 in.). The resultant scale at negative stage is 1: 2600. The actual image dimensions on the negative are 2% x 2% in.
The crew consisted of the pilot, the guide (owner or manager of the station), the photographer and senior author.
Ground observations of type and availability of feed were made. A few observations of the sheep grazing were made but they could not be approached closer than 400 yards.
Experimental Design.-An attempt was made to minimize "local" climatic effects on behaviour by choosing a period when weather forecasts predicted similar weather over a large area for several days. The survey could only be carried out by completing one property at a time.
The basic hesign could be described as factorial. Four photographs per paddock were taken. There were two paddocks per sex. Replication in time was provided by one morning and afternoon flight on two consecutive days, i.e. 4 (photographs) : 2' (paddocks) : (2 sexes): 2 (am., pm.>: 2 (day '1, day 2): 2 (stations) = 128 observ'ations for generalizations over two stations. In addition at Mt. Murchison there was a paddock of young ewes and limited data from Mulberrygong.
In November 1965 the design was basically the same as the first survey except that five photographs per paddock were taken at Mt. Murchison. (For alteration of paddocks and sheep sampled, see Table 1) .
The factorial design then was: 5 or 4 : 2 : 2 : 2 : 2 : 2, except for the afternoon flight on the second day at Kayrunnera which was prevented by a dust storm. The idea was to photograph at fixed times after dawn and midday drinks. This was based on the individual grazier's knowledge of his sheep. The actual times of day and weather conditions are shown in Table 2 .
Photographic Sampling. The parameters thus obtained were (1) total numbers of sheep per photograph = flock, (2) mean number of sheep per cell of the grid (theoretically 12 x 12 ft but would vary with errors in height), (3) mean distance of every sheep from the others, the variance and distribution of these distances and the index of spread (SD of distance distribution/v/ where N is the number of sheep per flock). Standard analyses of variance were done on these parameters or their transformations.
The distance between sheep within a cell = 0. This produces multimodal distribution of distance from individual sheep from each other if there are several sub-flocks in a photograph. Increasing cell size would give different indices of spread and tend to unimodal distribution.
No movement of stock between paddocks took place at Kayrunnera between the two surveys. Both surveys, therefore, are comparable except for the morning and afternoon contrast. The latter comparison became non-orthogonal (unbalanced) because of a dust storm which prevented photography on the afternoon of the second day. At Mt. Murchison some changes took place (Table 1) . Strictly speaking, no balanced comparison in the orthodox statistical sense could be made. However, there is no doubt that, with some qualifications, the general difference between the two surveys can be discussed.
Results

Patterns
at Kayrunnera.-Mean number of sheep per occupied cell for the whole station November respectively. There were no significant 'differences due to postulated variables nor, generally, between surveys. The mean flock sizes, and indices of spread for the two surveys are plotted for different paddocks in Fig. 4 . The analyses of variance are in Table 3 . In August flock size was large in the morning (P < 0.05) but in November this was reversed. In the combined analysis this interaction is significant (P < 0.05). There was also a significant (P < 0.05) decrease in flock size from 5.85 to 5.10 from August to November.
One striking difference was that of flock size in the two paddocks of ewes.
The significant differences in index of spread were that ewes with lambs were more widely spread than wethers. There was also a significant difference between the two wether paddocks. The mean difference between two surveys is almost significant at 5%. ' Patterns at Mt. Murchison. -Flocks were classified into types as wethers, ewes and lambs and young ewes in August and wethers, ewes and lambs, ewes (young or dry) in November.
The mean number of sheep per cell was 1.18 and 1.13 in August and November respectively -very similar to Kayrunnera. There were no differences due to any of the postulated variables.
The mean flock sizes and indices of spread for the two surveys are plotted for different paddocks in Fig. 5 . The analyses of variance are in Table 4 .
Flock size was about twice that of Kayrunnera.
There were only two significant effects in 11,476 6,800 1 z" the flock size data, both in August. These were an interaction between type of sheep and time of day and a difference between two ewe paddocks.
Index of spread effects were also limited to August where there was a significant interaction between type of sheep and time of day.
Discussion
Behaviour patterns are dynamic and cannot be described from random sampling.
Sampling must be related to the variables influencing behaviour. In this work we were not attempting to describe any behaviour pattern in detail but were assessing the technique by the precision with which it detected variability in certain behavioural characteristics.
We knew from previous observations that the variables c au s in g sub-grouping of a sheep flock were age, breed, topography, vegetation distribution and water locations.
Of the behaviour characteristics studied, flock size and index of spread can be justified biologically; that of number of sheep per cell is more difficult. As yet there is no biological basis for it as used with sheep in this work. It it known that the closeness of sheep to one another decreases as feed availability decreases (Arnold, unpublished).
The only reliable data from Mulberrygong, with its higher sheep carrying capac-property 01' between Kayrunnera and Mt. Murchison.
It is now appreciated that mean distance to nearest neighbow would be a more satisfactory and direct measure of contiguity of individual animals than mean number of sheep per occupied cell, and could be programmed from coordinates or measured directly with dividers. The convenience of recording position as at the centre of cells also has its disadvantages, and some compromise in cell size to avoid serious errors of grouping is necessary.
Greater accuracy would be achieved by use of fine coordinates and abandonment of recording by cell frequencies. The property mean values for three behaviour indices were as follows: Kayrunnera for August and November, Number per Cell 1.18, 1.09, Flock Size 5.9, 5.1, Index of Spread 17.6,ZZ.l respectively. The same for Mt. Murchison were 1.18, 1.13; 12.0, 13.3; and 18.0, 1'7.9.
ity, was on number of sheep per cell. This was 1.66 which was sigthan at the two other properties. nificantly higher (P < 0.001)
On the other hand it did not vary significantly at all on a In Table 5 we compare significant differences in one characteristic (flock size or index of spread) with the difference in the other. Clearly there is no close relation of these two characteristics as one would logically expect. In some cases this could be explained on vegetation distribution which could concentrate a few sheep into a small area. In other cases the subgrouping of sheep in the flock could give a large index of spread for a large flock. However, differences over pooled data indicate that these two characteristics are basically independent.
The average population sample was small-24
sheep of 500 at Kayrunnera; 50 sheep of 1500 at Mt. Murchison at each run on each paddock. However the lack of day to day interactions at any time for either flock size or index of spread suggests the differences recorded were real and 
Conclusions
It is felt that aerial photography and the use of digital computers provide extremely valuable facilities for studying patterns of animal behaviour. By its very nature, the material is characteristically variable.
On the average, a 25% difference, to be significant, should be based on about 100 independent observations. These can be collected and stored at the expense of not more than $400-500 including aircraft and travelling expenses for personnel. The economy of sampling, i.e. the speed of collection and analysis of results, considering the salaries of personnel, compares rather favourably with any surf ace investigation. The precision of information on stored photographs is probably better than that from the lengthy ground observations. With the Difference Between Means Significant at * = P < .05 ** = P < .Ol *** = P < .OOl eters for arid-zone grazing strategies.
